Constraints on dark matter-neutrino scattering from the Milky-Way satellites
and subhalo modeling for dark acoustic oscillations

Kensuke Akita' & Shin’ichiro Ando?3

Institute for Basic Science, CTPU,2GRAPPA Institute, University of Amsterdam, 3Kavli IPMU, University of Tokyo

Dark Matter (DM)

DM is gravitationally confirmed by cosmological observations.
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We would like to explore DM property broadly.

Dark acoustic oscillations (DAOs)

and the Milky-Way (MW) satellites

play an important role in the structure formation.
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DM s a seed of matter density contrast for galaxy formation.

= Even It DM is heavy (GeV-scale), asymmetric DM is not well constrained.

Why the Milky-Way satellites?

We can test light DM scattering with neutrinos, baryons, photons
and dark radiations.

DM does not annihilate today.
—|ndirect searches by y-rays would be ineffective.

Large DM scattering may be achieved in asymmetric DM scenarios.

Why DM-neutrino scattering!?

We may impose relatively strong constraints on DM scattering

with the lepton sector.

Muon, tau rapidly decay—DM could not scatter with mu, tau.
U(1)r,—r, symmetry—DM-electron interactions would be suppressed.

Subhalo modeling for DAOs

Smooth component
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DM decouples with neutrinos
in the linear region.

Comparisons with N-body simulations
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Constraints on DM-neutrino scattering

We use the latest data of Milky-VWay satellite galaxies
from Dark Energy Survey (DES) and PanSTARRS | (PS1).

[DES collaboration (2020)]

We use two data sets:
. The kinematics data of 94 satellites with Ve > 4 km s™*
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2. 270 satellites with a satellite forming condition m, > 10°Mg
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Subhalo mass at accreation

Constant DM-neutrino cross section

D

DM gravitationally collapse
and then merge,

ODM-v,0 < 10722 ecm (mDM/GeV)

. 2
ark acoustic oscillations Neutrinos, photons, \ 43 9 072
opM-v,2 < 107%° cm® (mpnm/GeV)(E,/E)))
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baryons (coupled to photons), dark radiation
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DM collapse to halo:
DM linear fluctuations are spherical:

f DM has interactions with relativistic particles, DSW% forming halos and subhalos. oM va < 10770 em® (mpy/GeV)(E, /E,)*
DM fluctuations are suppressed by their pressure. N\,
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» DM evolution is non-linear:

Semi-analytical model is needed
for comprehensive parameter
search.

ODM-v,0 < 4 x 1073% ¢m? (mDM/GeV)
ODM-v,2 < 10_46 sz (mDM/GeV) (EV/EB)Q
opM-p4 < 7 X 107°? ¢m? (777,]31\4/(}6\/')(EV/EB)4
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\DIVI oscillates between gravity and pressure: DAOs.
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In the linear region,

DM-neutrino scattering

Linear matter °
power spectrum

Oom = k2 — HOpm — Toviw (@om — 6,)
N

]

10_5 .

P(k) [(Mpc/h)

é(x; R) = /5(:13')W(a: —x'; R)d*x’,

" We have developed a semi-analytical subhalo model for DAO:s.
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Additional term [ B’M"V’Z: ] | \‘*
o IR We adopt the smooth-k filter:
ODM—v 10 10°

: . k [h/Mpc] = oth 1
mMmpwM nght DM->efficient W th k(kR) — 1+ (kR)B 6 — 35 [M. Leo, et al. (2018)]

This filter i1s different from CDM and WDM cases.
DM spherically collapse to halos with M (« R) .

DM velocity divergence lz—z'| SR
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Ton—s — . . . .
DM—v X ODM—vTIDM X = .Our model is very good agreement with N-body simulations

including DAOs within a factor of |.8.

DM halo
Milky-Way satellite galaxies

—omall-scale objects in the universe
—DAOs would reduce
the number of the satellite galaxies.
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= Using the latest data of Milky-Way satellite galaxies from DES
and PS|, we have obtained the most stringent constraints on
DM-neutrino scattering.
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Distributions of halos and subhalos:
Extended Press-Schechter formalism, e.g., subhalo distribution at 2 = 24
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We can test DM scattering from the MWV satellites!
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